. Although the bones of some animals (e.g. rat and sheep) differ physiologically from human bone (i.e. they do not undergo normal haversian remodellation), they have been widely used in orthopaedic research 4, 5, 6 . Ofloxacin is a synthetic chemotherapeutic antibiotic of the second generation fluoroquinolone. The fluoroquinolones interfere with DNA replication by inhibiting an enzyme complex called DNA gyrase. Recent studies have demonstrated a correlation between mammalian cell cytotoxicity of the quinolones and the induction of micronuclei 7 . As such some fluoroquinolones may cause injury to the chromosome of eukaryotic cells. It is not recommended for usage in children because of serious reversible and irreversible musculoskeletal adverse effects.
Evaluation of experimental fracture healing: Radiography is a basic method for evaluating fracture healing both in clinical use and in animal studies: radiographs are able to visualize callus formation after mineralization 8, 9 . Radiographs are usually taken immediately after surgery to examine the location of the fracture and the quality of fixation. Animal is sacrificed and high-resolution x-ray images are taken and bone density or bone dimensions are recorded. Histology is another basic method for evaluating fracture healing. Sections passing longitudinally across the fracture callus and the surrounding area are usually cut and stained. The histological parameters like callus formation, bone union, marrow changes and cortex remodeling are studied 10, 4 . Mechanical testing of healing fractures like bending, tension and torsional tests are useful tool in evaluating fracture healing 4, 11, 12, 13, 14 .
There are many studies evaluating the effects of drugs on fracture healing in experimental models of variety of animals. A study in rats showed Ibuprofen and indomethacin retarded fracture healing, with significant differences in "mechanical healing" found between the control and experimental groups 15 . Chondrocyte toxicity and necrosis were seen with electron microscopy after incubation of human adult cartilage biopsy specimens in ciprofloxacin 16 . While the immediate clinical significance is unkonwn, the possibility of long-term cartilage damage after fluoroquinolone treatment cannot be excluded. Cultivation of rat chondrocytes in ciprofloxacin supplemented Mg++ free medium led to pronounced changes in the cytoskeleton and decreased adhesion of cells to the culture dish 17 . Experimental fractures systemically exposed to levofloxacin or trovafloxacin have diminished healing during the early stages of fracture repair 18 .
ABSTRACT:
Background: The process of bone healing is highly influenced by many intrinsic and extrinsic factors. Ofloxacin is one of the extensively used broad spectrum antibiotic in current clinical practice, belongs to fluoroquinolones, which are known to have adverse effects on chondrocytes.
Objective: This study was undertaken to evaluate the bone healing process in untreated femoral fractures in rats under the influence of Ofloxacin. The effects were evaluated by means of radiology, histology and mechanical strength of callus by clinical examination. Methodology: Study was conducted in four phases comprising of forty Wistar rats. Each phase had ten rats, which were divided into two group of 5 rats each, one study group and another control group. Unilateral displaced femoral fractures are produced in both groups and in study group, Ofloxacin administered for four weeks. After 4 weeks animals are killed and fractures examined clinically, radiographed and histological study of fracture callus was done. Results: Radiography and clinical examination showed signs of healing in all fractures. Histologically healing process showed progressive formation of callus but histological abnormalities were detected in study group compared to control group. Conclusions: There was no clinically significant difference on bone callus strength and radiologicaly no signs of difference in union of femoral fractures with the use of ofloxacin when compared to control group. However histologically there were significant differences particularly around endochondral ossification front. This study differs from previous studies which report that ofloxacin may have some adverse effects on chondrocytes. Key words: Ofloxacin; Chondrocytes; Experimental fracture healing; Wistar rats
In the present study an attempt is made to evluate the effects of ofloxacin on the chondrocytes and ossification front in the artificially induced fractures in femora of Wistar rats, through clinical, radiological and histological methods.
METHODOLOGY:
Fourty male (200-300gram) Wistar rats were used in four phases in the study. In each phase there were two groups of five animals each. One experimental group was treated with ofloxacin and the second group was the control group. The procedures and the handling of the rats were reviewed and approved by the Institutional Animal Care and Use committee. All rats received humane care in compliance with the Guide for the Care and Use of Laboratory Animals. The rats were fed a standard chow, housed in a twelve-hour night-daycycle environment, and allowed water without restriction. Displaced or undisplaced unilateral fractures of the femur were established with use of a three point bending device according to the model of Bonnarens and Einhorn 19 Radiography was done to confirm fracture and type of displacement. Antibiotic administration was begun in the experimental groups two days after the fracture and was continued for four weeks. 15 milligrams of ofloxacin per kilogram of body weight was administered orally (endogastric intubation) twice daily at twelve-hour intervals. This time-frame was chosen to approximate the clinical conditions of administering ofloxacin, as in the treatment of a urinary tract or pin-site infection. The antibiotic dosage was selected to lead to peak concentrations of the drug in rat serum approximating those in humans. The control animals received no antibiotic treatment. Both control and test group animals were not treated for fractures (no splinting or internal/ external fixation). Four weeks after the fracture, all animals were killed with an overdose of sodium pentobarbital and the intact fracture calluses were recovered under sterile conditions. The fracture calluses from each treatment group were 1. Examined clinically for union 2. Radiographed to assess radiological union 3. Histologically evaluated
Clinical Union
As the animals were sacrificed fracture calluses were removed and clinical union of fractures were tested by mechanically stressing the fracture site and graded on mobility at fracture site.
Grade -1 -Mobile [no signs of healing]
Grade -2 -Sticky/ restricted mobility Grade -3 -Stiff -no mobility
Histological Examination
Immediately after the animals were killed, the fracture calluses were removed and were fixed for two to three days in 10% neutral buffered formalin followed by two days in Bouin's solution and then decalcified in a 10% acetic acid, 0.85% NaCl, and 10% formalin solution. Specimens were embedded in paraffin, sectioned longitudinally, and stained with hematoxylin and eosin.
The progression of fracture-healing in each specimen was quantified with use of a scale that assigns a grade based on the relative percentages of fibrous tissue, cartilage, woven bone, and mature bone in the callus 1, 17 .
Grade 10, lamellar (mature) bone.
Four slides were examined for each fracture.
Radiographic Study
Immediately after the fracture was produced, radiographs [Allenger -525 ,Mas-2,kv-38 exposure] of each rat femur were made to verify the position and characteristics of the fracture. After the animal was killed, the femora were disarticulated and radiographs were made for assessment of fracture-healing. Each fracture specimen was reviewed and classified for callus maturity according to the classification of Goldberg et al 15 .
In that classification, 
RESULTS:
The clinical, radiological and histological grading of the calluses noted during the study is tabulated in table 1.
Clinical Analysis
There is no significant difference in callus strength at four weeks after fracture in rats treated with ofloxacin when compared to control group.
Radiographic Analysis
Radiological difference between the test and control group of the study was insignificant. Both groups show signs of radiological healing with radio-opaque callus formation (Figure 1 & 2) .
Histological Analysis
The fracture calluses in control rats had a higher grade of histological healing in comparison to ofloxacin treated fractures, indicating a trend but not a significant difference. Low-magnification histological analysis of the control fractures revealed formation of an external callus consisting of subperiosteal bone and cartilage ( Fig.  3 & 4) . Hypertrophic cartilage filled the entire space between the subperiosteal bone regions of the callus. Vascular invasion of the hypertrophic cartilage associated with endochondral ossification occurred in the callus at the interface of bone and cartilage. 
At higher magnification, this bone-cartilage interface was seen to have the histological characteristics of endochondral ossification, including vascular invasion into regions of hypertrophic chondrocytes, osteoid deposition on spicules of calcified cartilage, and formation of spicules of cartilage covered by woven bone. With the continued deposition of bone, the cartilage-bone spicules thickened into the normal trabecular bone in the hard callus. The specimens from the ofloxacin-treated animals had the same general pattern of external callus formation, hypertrophic chondrocytes distribution, and endochondral ossification.
However, differences were observed between the calluses from these animals with respect to control animals. Ofloxacin treated animals displayed a central portion of the soft callus incompletely filled with cartilage. These central portions appeared less cellular, and the cells exhibited a flattened, fibroblast-like morphology. High-power views of the endochondral ossification front showed additional abnormalities in the cartilage and trabecular structures of the calluses from the ciprofloxacin-treated animals (Fig. 4 & 6) . These abnormalities included a decreased number of chondrocytes, an increase in chondrocyte size, and an increased proportion of cartilage in the newly formed trabecular bone spicules compared with the control specimens. These differences were observed most clearly on the higher magnification photomicrographs of the endochondral ossification front. The calluses from the ofloxacin treated animals appeared to contain more cartilage and less bone in the newly formed trabeculae than the control calluses. The calluses from the ofloxacin-treated animals contained a smaller number of hypertrophic chondrocytes at the endochondral ossification front (Fig. 6, 8 & 9 ) than did the calluses from the control animals ( Fig. 5 & 7) . 
DISCUSSION:
In the present study all the fractures were displaced and are not treated. All were unstable, mobile fractures. It will take longer time to develop mechanical stability of fracture site. Therefore mechanical testing was not undertaken. Clinical assessment of fracture callus in terms of functional stability of the limb was done. In the study there is no significant difference in callus strength at four weeks after fracture in rats treated with ofloxacin when compared to control group. This observation is contrary to many other studies which support the hypothesis that exposure to ofloxacin affects early fracture healing and alters the progression of normal fracture callus formation. Fabiano Kupczik studied the effects of ciprofloxacin on fracture healing in rat femora and found similar results as the current study. In our study radiological evaluation of fracture callus showed no difference between test and control group. Similar results were reported in previous study. In the study by Fabiano Kupczik rat fractures were treated with intramedullary K-wire fixation and the biomechanical study was carried out on a three-point flexion strength assay device (tension/compression). No histological studies were done. Drug used was ciprofloxacin 20 .
Although histological examination of the fracture calluses from the ofloxacin-treated animals showed progressive formation of cartilage and subperiosteal bone and replacement of cartilage by endochondral ossification, histological abnormalities were apparent when the specimens were compared with the fracture calluses from control animals. These abnormalities included a persistent central region of fibrous tissue, a decreased size and number of chondrocytes at the endochondral ossification front, and abnormalities of trabecular bone formation. The decreased number and size of the chondrocytes in the fracture callus of the ofloxacin-treated animals suggest that ofloxacin may have a primary effect on chondrocyte maturation and development. This adverse effect on chondrocyte function then leads to an inefficient conversion of cartilage to bone, which is manifested by decreased mechanical properties of the fracture callus. Histological findings in present study are comparable to studies by Huddleston 21 , Tuncay 22 and Perry AC 18 . These studies demonstrate by histological, X-ray and biomechanical analysis that bone union was delayed with the use of therapeutic concentrations of ciprofloxacin and other quinolones.
In a study involving histological, X-ray, biomechanical and ultra-structural analyses of effects of ciprofloxacin on experimental fracture healing states that bone union is delayed with therapeutic dosage of the drug 21 . However, fractures were produced on both femurs, they did not report if they were fixed or not; the antibiotics administration started only one week after the fracture, the rats were sacrificed at week 4, the biomechanical test was carried out by assessing strength and stiffness with torsion failure and gross evaluation of bones was not reported after bone disconnection.
Concerning the study by Tuncay, the authors have also conducted an experimental study on rats and histologically assessed bone union after the administration of four kinds of quinolones (ofloxacin, norfloxacin, pefloxacin and ciprofloxacin) 22 . They concluded that all those quinolones delayed bone callus formation in rats. Consistently to the first study, fractures were produced on both sides, quinolones were only administered after seven days of fracture, for three weeks, and the animals were sacrificed at week four.
With regard to these studies, some differences exist to our method. First, ofloxacin administration started from day one of fracture, because as early as in the second week, cartilaginous cells appear.
Further studies are warranted, including histopathological and immuno-histochemical analysis in order to prove a negative influence exerted by this drug on fractures
CONCLUSIONS:
We conclude that there was no clinically significant difference on bone callus strength and radiologicaly no signs of difference in union of femoral fractures with the use of ofloxacin when compared to control group.
However histologically there were significant differences particularly around endochondral ossification front.
Compare to other studies ofloxacin may have some adverse effects on chondrocytes. But further studies required knowing the clinical significance of adverse effect.
